Abstract: A series of new 1-(carbamoylmethyl)-2-aryl-3,1-benzoxazines were prepared in moderate to good yields by BF 3 ·OEt 2 -catalyzed reactions of aromatic aldehydes with 2-(N-substituted carbamoylmethylamino)benzyl alcohols. The structures of the target compounds were confirmed by IR, 1 H-NMR, 13 C-NMR, and elemental analyses. The fungicidal activities of the target compounds against plant fungi were preliminarily evaluated, and some of them exhibited good activity.
Introduction
3,1-Benzoxazine and 3,1-benzoxazinone derivatives have received growing attention due to their broad biological activities. 3,1-Benzoxazine derivatives show anticonvulsant [1] , herbicidal [2] , fungicidal [3, 4] , and anticancer activity [5] , and some are potent progesterone receptor (PR) agonists [6] or DNA-binding antitumor agents [7] . 3,1-Benzoxazinones exhibit antihypertensive [8] and antiproliferative activities [9] , or are potent PR agonists/antagonists [10, 11] , potent human leukocyte elastase inhibitors [12] , serine protease inhibitors [13] [14] [15] , long chain fatty acid elongase 6 inhibitors [16] , NK 1 /NK 3 receptor antagonists [17] , α-chymotrypsin inhibitors [18] , mineralocorticoid receptors antagonists [19] , and are even used as anti-HIV-1 reverse transcriptase inhibitors [20, 21] . Therefore, the synthesis of 3,1-benzoxazines and 3,1-benzoxazinone has attracted considerable interest. The condensation of 2-aminobenzyl alcohol or its derivatives with aldehydes using acetic acid or p-toluenesulfonic acid (TsOH) as catalyst is the widely-used way to synthesize 3,1-benzoxazines [6, 22, 23] . Palladium-catalyzed cyclization of 2-alkynylanilides also provides a route to substituted 3,1-benzoxazines [24] . Recently, hypervalent iodine-mediated oxygenation of tertiary amines afforded a new way [25] . As for 3,1-benzoxazinones, the frequently used protocol is the reaction of 2-aminobenzyl alcohol or its derivatives with phosgene [8, 26] . More recently, silver-catalyzed incorporation of carbon dioxide into 2-alkynylanilides afforded a new route [27] . In spite of the progress in their preparation, the development of more efficient ways and the synthesis of novel 3,1-benzoxazine derivatives are still highly desirable for drug discovery, as well as medicinal and pesticide chemistry. To our knowledge, 3,1-benzoxazines have received less attention compared with 3,1-benzoxazinones. Particularly, there are only few reports about the activities of benzoxazines against plant fungi [3, 4] . Thus, we present herein the synthesis of novel 1-(carbamoylmethyl)-2-aryl-3,1-benzoxazines, as a continuation of our ongoing project aimed at searching for novel fungicidal active compounds, by condensation reactions of 2-(N-substituted carbamoylmethylamino)benzyl alcohols with aldehydes in the presence of BF 3 ·OEt 2 , and also report their fungicidal activities against plant fungi.
Results and Discussion

Chemistry
The synthetic route to the title compounds 5a-r is shown in Scheme 1. The key intermediate 2-(N-substituted carbamoylmethylamino)benzyl alcohols 3 (also named as: N-substituted 2-(2-(hydroxymethyl)phenylamino)acetamide) were prepared by selective N-alkylation of 2-aminobenzyl alcohol with N-substituted 2-bromoacetamide 2. The reaction exclusively occurred at the nitrogen atom giving products 3a-f ( 1 H-NMR and 13 C-NMR Data in Supplementary materials) in 65-73% yields when the reaction was carried out in a mixture solvent of N,N-dimethyl formamide (DMF) and tetrahydrofuran (THF) (v/v = 1:2) with potassium carbonate as base. Then, we began to synthesize the target products 5a-r ( 1 H-NMR and 13 C-NMR Data in Supplementary materials). The preparation of 5a was selected as model to optimize the reaction conditions. Firstly, reaction of 2-(N-(2-methylphenyl)carbamoylmethylamino)benzyl alcohol 3a with 3-nitrobenzaldehyde 4a in the presence of BF 3 ·OEt 2 (10% mol) in THF under 65 • C gave the desired product 5a in 35 yields (No. 1, Table 1 ). By optimizing the conditions, the yield was improved to 55% (No. 6). Under the same conditions, compounds 5b-r were synthesized in 40-85% yields. As shown in Table 1 , for compounds with an amide nitrogen connected to the benzyl group, a higher yield was achieved than for those with a phenyl group (No. 16-18 vs. No. 13-15, Table 1 ), and moreover, the reaction yields of the former depended on the position of the nitro group on the benzene ring in order of para > ortho > meta. But, the yields for those with an amide nitrogen connected with an aryl group presented the order of meta > para > ortho. 
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Fungicidal Activity Assay
According to standard method NY/T1156. 5-2006 [29] , the in vitro fungicidal activities of the prepared compounds 5a-r were evaluated, adopting the mycelium growth rate test method. The fungicidal activity was tested against Sclerotonia sclerotiorum, Botrytis cinerea, Rhizoctonia solani, Gibberella zeae and Phytophythora capsic at 25 µg/mL, and against Magnaporthe oryzae at 50 µg/mL. The activities were expressed as inhibition rate (%), and the results are summarized in Table 2 . All compounds exhibited certain activities against the tested fungi, and some showed good activities. Compounds 5d and 5g showed 60.1% and 54.5% activity against M. oryzae, respectively, which are all higher than that of chlorothalonil (53.8%). The activity of compound 5o (51.7%) is closed to that of chlorothalonil. Compound 5i showed 71.9% activity against S. sclerotiorum at 25 µg/mL, which is close to that of chlorothalonil (84.9%). In addition, the compounds with the amide nitrogen atom connected with an aryl group were more active than those with a benzyl group. For S. sclerotiorum and R. solani, when the substituent at the 4-position of the benzene ring was connected with the amide nitrogen, the compounds with a NO 2 group at the 4-position of the benzene ring exhibited higher activities than those with a NO 2 group at 3-or 2-position. 
Experimental Section
Materials and Reagents
All solvents were dried by standard procedure. Aromatic aldehydes, 2-aminobenzyl alcohol, and substituted anilines were commercially available. Infrared spectra were recorded on a Nicolet-6700 FT-IR. 1 H-and 13 C-NMR spectra were recorded on Bruker Avance-500 MHz spectrometer. Elemental analysis was measured on PE 2400 II CHNS instrument. Melting points were determined on a WRS-1B digital melting point instrument and uncorrected.
Chemical Synthesis
Synthesis of N-Substituted 2-(2-(hydroxymethyl)phenylamino)acetamides 3a-f
General Procedure: Into a 150 mL round bottom flask equipped with a condenser, N-(2-methylphenyl)-2-bromoacetamide (2.270 g, 10 mmol), 2-aminobenzyl alcohol (1.476 g, 12 mmol), potassium carbonate (1.932 g, 14 mmol) and mixed solvent of DMF and THF (45 mL, v:v = 1:2) were added with stirring. The mixture was heated at 65 • C for 12 h (checked by TLC). Then, the solvent was evaporated under reduced pressure. Saturated brine (50 mL) was added to the residue and extracted with ethyl acetate (3 × 50 mL). The organic phase was washed sequentially with water (2 × 50 mL), saturated brine (2 × 50 mL), and dried over Na 2 SO 4 , and filtered. The filtrate was evaporated under reduced pressure, the obtained residue purified by silica gel flash chromatography with ethyl acetate-petroleum ether (v/v = 1:2) as eluent, giving the product 3a (73% yield) as a white solid. 
Fungicidal Activity Testing
The in vitro inhibition of mycelium in the agar culture medium caused by the title compounds against six phytopathogenic fungi: Sclerotonia sclerotiorum, Botrytis cinerea, Rhizoctonia solani, Gibberella zeae, Phytophythora capsic and Magnaporthe oryzae was performed. Referring to the standard method NY/T1156.5-2006, antifungal activity assays adopted the mycelium growth rate test method. Chlorothalonil was used as a reference compound. A stock solution of every test compound was prepared in acetone and then diluted to the required test concentrations (500 µg/mL) with sorporl-144 (concentration: 200 µg/mL). Solutions of the test compounds (1 mL) were added to potato dextrose agar (PDA) medium (9 mL, 45 • C) to provide the final concentration of 25 µg/mL, but 50 µg/mL for Magnaporthe oryzae. The mixed medium without sample was used as the blank control. The inocula, 4 mm in diameter, were removed from the margins of actively growing colonies of mycelium and placed in the centers of the above plates. 4 replicates were performed per treatment. Percentages of growth inhibition were calculated by comparing the mean value of the diameters of the mycelia in the test plates after placement in a 24 • C biochemical incubator thermostat for 3 days. The inhibition percent was calculated according to the following equation:
where I is the inhibition rate, D 1 is the average diameter of mycelia the blank test, and D 0 is the average diameter of mycelia in the presence of compounds. The results are given in Table 2 .
Conclusions
In summary, we have prepared a series of novel 1-(carbamoylmethyl)-2-aryl-3,1-benzoxazines by aza-acetalizations of 2-(N-substituted carbamoylmethylamino)benzyl alcohols with aromatic aldehydes in the presence of BF 3 ·OEt 2 . The fungicidal activities of the prepared compounds against plant fungi were preliminarily evaluated, and some compounds showed good activities. Compounds 5d and 5g showed higher activity against M. Oryzae than chlorothalonil. The activity of compound 5i against S. Sclerotiorum is close to that of chlorothalonil.
Supplementary Materials: Supplementary materials are available online: 1 H-NMR and 13 C-NMR Data for compounds 3a-3f, 5a-5r.
